The knowledge and understanding content for this unit is given below.
VECTORS

Distance and Displacement.
Distance is the total path length. It is fully described by magnitude (size) alone. Displacement is the direct length from a starting point to a finishing point. To describe displacement both magnitude and direction must be given. Velocity has an associated direction, being the same as that of the displacement. The unit for both these quantities is metres per second, m s -1 .
Example
Vectors and Scalars
A scalar quantity is completely defined by stating its magnitude. A vector quantity is completely defined by stating its magnitude and direction. Examples are given below. 
A (Start)
C
Addition of Vectors
When vectors are being added, their magnitude and direction must be taken into account. This can be done using a scale diagram and adding the vectors 'tip to tail', then joining the starting and finishing points. The final sum is known as the resultant, the single vector that has the same effect as the sum of the individuals.
Example
Find the resultant force acting at point O.
Step 1: Choose a suitable scale, e.g. 1 cm to 1 N.
Step 2: Arrange arrows "tip to tail".
Step 3: Draw in resultant vector, measuring its length and direction. Vectors at right angles If the vectors are at right angles then it may be easier to use Pythagoras to find the resultant and trigonometry to find an angle.
Addition of more than two vectors
Use a scale diagram and ensure that each vector is placed "tip to tail" to the previous vector. The resultant vector is the vector from the starting point to the finishing point in magnitude and direction.
Resultant of a number of forces
The resultant of a number of forces is that single force which has the same effect, in both magnitude and direction, as the sum of the individual forces.
Rectangular components of a vector
Resolution of a vector into horizontal and vertical components. 
Measuring acceleration
Acceleration is measured by determining the initial velocity, final velocity and time taken. A double mask which interrupts a light gate can provide the data to a microcomputer and give a direct reading of acceleration.
Acceleration-time and velocity-time graphs
Constant velocity Constant positive acceleration (velocity increasing)
Constant deceleration Constant negative acceleration (velocity decreasing) a = 0 acceleration is positive acceleration is negative
Constant velocity and constant acceleration
The velocity time graph below illustrates these terms. 
OA
is constant acceleration, the acceleration is positive. AB is constant velocity, the acceleration is zero. BC is constant deceleration, the acceleration is negative.
Equations of motion
where: u -initial velocity of object at time t = 0 v -final velocity of object at time t a -acceleration of object t -time to accelerate from u to v s -displacement in time t.
These equations of motion apply providing:
• the motion is in a straight line • the acceleration is uniform.
When using the equations of motion, note:
• the quantities u, v, s and a are all vector quantities • a positive direction must be chosen and quantities in the reverse direction must be given a negative sign • a deceleration will be negative, for movement in the positive direction.
Derivation of equations of motion
The velocity -time graph for an object accelerating uniformly from u to v in time t is shown below.
Changing the subject of the formula gives:
The displacement s in time t is equal to the area under the velocity time graph. 
NEWTON'S SECOND LAW, ENERGY AND POWER
Dynamics deals with the forces causing motion and the properties of the resulting moving system.
Newton's 1st Law of Motion
Newton's 1st law of Motion states that an object will remain at rest or travel with a constant speed in a straight line (constant velocity) unless acted on by an unbalanced force.
Newton's 2nd Law
Newton's 2nd law of motion states that the acceleration of an object:
• varies directly as the unbalanced force applied if the mass is constant • varies inversely as the mass if the unbalanced force is constant.
These can be combined to give
The unit of force, the newton is defined as the resultant force which will cause a mass of 1kg to have an acceleration of 1 m s -2 . Substituting in the above equation.
Provided F is measured in newtons, the equation below applies. 
A woman is standing on a set of bathroom scales in a stationary lift (a normal everyday occurrence!). The reading on the scales is 500 N. When she presses the ground floor button, the lift accelerates downwards and the reading on the scales at this moment is 450 N. Find the acceleration of the lift.
Resolution of a Force
In the previous section, a vector was split into horizontal and vertical components. This can obviously apply to a force. 
Example
Conservation of Energy
The total energy of a closed system must be conserved, although the energy may change its form. Note: momentum is a vector quantity. The direction of the momentum is the same as that of the velocity.
Conservation of Momentum
When two objects collide it can be shown that momentum is conserved provided there are no external forces applied to the system. For any collision:
Total momentum of all objects before = total momentum of all objects after.
Elastic and inelastic collisions
An elastic collision is one in which both kinetic energy and momentum are conserved. An inelastic collision is one in which only momentum is conserved. Trolleys will move to the right at 1.43 m s -1 since v is positive.
kg 6 kg v = ? (+ 6 )kg v = 4m s -1
Explosions A single stationary object may explode into two parts. The total initial momentum will be zero. Hence the total final momentum will be zero. Notice that the kinetic energy increases in such a process. Example Two trolleys shown below are exploded apart. Find the unknown velocity. 
BEFORE
Impulse
An object is accelerated by a force F for a time, t. The unbalanced force is given by:
Unbalanced force = change in momentum time = rate of change of momentum
Ft = mv -mu
The term Ft is called the impulse and is equal to the change in momentum. Note: the unit of impulse, Ns will be equivalent to kg m s -1 .
The concept of impulse is useful in situations where the force is not constant and acts for a very short period of time. One example of this is when a golf ball is hit by a club. During contact the unbalanced force between the club and the ball varies with time as shown below.
Since F is not constant the impulse (Ft) is equal to the area under the graph. In any calculation involving impulse the unbalanced force calculated is always the average force and the maximum force experienced would be greater than the calculated average value. 
Newton's 3rd Law and Momentum
Newton's 3rd law states that if an object A exerts a force (ACTION) on object B then object B will exert an equal and opposite force (REACTION) on object A. This law can be proved using the conservation of momentum. Consider a jet engine expelling gases in an aircraft.
Let F A be the force on the aircraft by the gases and F G be the force on the gases by the engine (aircraft).
Let the positive direction be to the left (direction of Fa)
In a small time, let m G be the mass of the gas expelled and m A be the mass of the aircraft.
total momentum before = total momentum after
Change in momentum of gas = -(change in momentum of aircraft)
Changes in momentum of each object are equal in size but opposite in direction.
If forces act in time, t Force = change in momentum t
since t is the same for the engine and gas. The forces acting are equal in size and opposite in direction. 
Densities of Solids, Liquids and Gases
From the table opposite, it can be seen that the relative magnitude of the densities of solids and liquids are similar but the relative magnitude of gases are smaller by a factor of 1000. When a solid melts to a liquid, there is little relative change in volume due to expansion. The densities of liquids and solids have similar magnitudes. When a liquid evaporates to a gas, there is a large relative change in volume due to the expansion of the material. The volume of a gas is approximately 1000 times greater than the volume of the same mass of the solid or liquid form of the substance. The densities of gases are smaller than the densities of solids and liquids by a factor of approximately 1000.
It follows, therefore, that the spacing of the particles is a gas must be approximately 10 times greater than in a liquid or solid. Buoyancy Force (Upthrust) When a body is immersed in a fluid, it appears to "lose" weight. The body experiences an upwards force due to being immersed in the fluid. This upwards force is called an upthrust.
This upthrust or buoyancy force can be explained in terms of the forces acting on the body due to the pressure acting on each of the surfaces of the body.
Pressure on the top surface p top = h top ρg Pressure on bottom surface p bottom = h bottom ρg
The bottom surface of the body is at a greater depth than the top surface, therefore the pressure on the bottom surface is greater than on the top surface. This results in a net force upwards on the body due to the liquid. This upward force is called the upthrust.
Notice that the buoyancy force (upthrust) on an object depends on the difference in the pressure on the top and bottom of the object. Hence the value of this buoyance force does not depend on the depth of the object under the surface.
GAS LAWS Kinetic Theory of Gases
The kinetic theory tries to explain the behaviour of gases using a model. The model considers a gas to be composed of a large number of very small particles which are far apart and which move randomly at high speeds, colliding elastically with everything they meet.
Volume
The volume of a gas is taken as the volume of the container. The volume occupied by the gas particles themselves is considered so small as to be negligible.
Temperature The temperature of a gas depends on the kinetic energy of the gas particles. The faster the particles move, the greater their kinetic energy and the higher the temperature.
Pressure
The pressure of a gas is caused by the particles colliding with the walls of the container. The more frequent these collisions or the more violent these collisions, the greater will be the pressure. 
Relationship Between Pressure and Volume of a Gas
For a fixed mass of gas at a constant temperature, the pressure of a gas is inversely proportional to its volume. 
Relationship Between Pressure and Temperature of a Gas
If a graph is drawn of pressure against temperature in degrees celsius for a fixed mass of gas at a constant volume, the graph is a straight line which does not pass through the origin. When the graph is extended until the pressure reaches zero, it crosses the temperature axis at -273 o C. This is true for all gases.
Kelvin Temperature Scale -273 o C is called absolute zero and is the zero on the kelvin temperature scale. At a temperature of absolute zero, 0 K, all particle motion stops and this is therefore the lowest possible temperature. One division on the kelvin temperature scale is the same size as one division on the celsius temperature scale, i.e. temperature differences are the same in kelvin as in degrees celsius, e.g. a temperature increase of 10°C is the same as a temperature increase of 10 K. 
Combined Gas Equation
By combining the above three relationships, the following relationship for the pressure, volume and temperature of a fixed mass of gas is true for all gases. T 2 = 127 °C = 400 K
Gas Laws and the Kinetic Theory of Gases
Pressure -Volume (constant mass and temperature)
Consider a volume V of gas at a pressure p. If the volume of the container is reduced without a change in temperature, the particles of the gas will hit the walls of the container more often (but not any harder as their average kinetic energy has not changed). This will produce a larger force on the container walls. The area of the container walls will also reduce with reduced volume. As volume decreases, then the force increases and area decreases resulting in, from the definition of pressure, an increase in pressure, i.e. volume decreases hence pressure increases and vice versa. Consider a gas at a pressure p and temperature T. If the temperature of the gas is increased, the kinetic energy and hence speed of the particles of the gas increases. The particles collide with the container walls more violently and more often. This will produce a larger force on the container walls. As temperature increases, then the force increases resulting in, from the definition of pressure, an increase in pressure, i.e. temperature increases hence pressure increases and vice versa.
Volume -Temperature (constant mass and pressure) Consider a volume V of gas at a temperature T. If the temperature of the gas is increased, the kinetic energy and hence speed of the particles of the gas increases. If the volume was to remain constant, an increase in pressure would result as explained above. If the pressure is to remain constant, then the volume of the gas must increase to increase the area of the container walls that the increased force is acting on, i.e. volume decreases hence pressure increases and vice versa.
